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Introduction
ivers age estimation methods are developed integrating single or multiple age-related variables. The estimated age prediction outcomes can help advice legal authorities in their judgment on the chronological age of individuals with a questioned age and provide more accurate postmortem profiling of unidentified body remains (Sforza et al., 2009) .
Forensic identification includes processing long bones and teeth in order to verify a person's age. Whereas bones and teeth can be both used postmortem, teeth can be inspected also to some degree during life (Frieda et al., 2004) .
The role of forensic odontology has increased in recent years, where age estimation of living or deceased individuals is an important aspect of this science .Dental age estimation methods are of particular value because teeth are highly resistant to mechanical, chemical, or physical impacts and time (Liang et al., 2009 ). Devers of dental age estimation methods were reported in literature. The dental agerelated parameters are subdivided whether they indicate developmental, morphological, or biochemical tooth changes. Secondary dentine apposition is a significant morphological dental age predictor (Singaraju and Sharada , 2009 ).
D
Tooth is the hardest structure in the human body, and contains enamel and dentin. Tooth enamel is harder than bone and consists of more or less dead material. It functions as a protective layer around the tooth. Dentin on the other hand, lies beneath the enamel surface and constitutes the entire tooth root. It has a consistency similar to cartilage. Enamel does not show age-related changes except for a loss in permeability, an increase in brittleness and a small amount of wear. Also pathological conditions and behavioral habits such as caries, erosion, attrition and abrasion, may lead to loss of enamel. However, the remaining structures, the pulpdentinal complex (PDC), which includes dentin, cementum and the dental pulp, show age-related physiological and pathological changes (Liang et al., 2009) .
The principal changes of the PDC during life are an increased mineralization of the primary dentin, an accelerated formation of secondary dentin, and decreased circulation and innervations of the dental pulp characterized by a marked reduction in cells, a relative increase in fibers, fat infiltration and calcification (Morse ,1991) . Therefore, the volume of the pulp canal system considerably reduces over time. Based on these age-related changes a variety of methods for dental age estimation were proposed (Bosmans et al., 2005) .
Secondary dentine apposition is a significant morphological dental age predictor. It is defined as the formation of dentine after the completion of the primary dentine and starts at the moment the related tooth root is completed. The formation of secondary dentine may be caused by attrition, abrasion, erosion, caries, changes in osmotic pressure throughout the pulp chamber, or aging and decreases the volume of the dental pulp chamber. Therefore, the volume changes of the pulp chamber in intact teeth are considered as a dental age predictor (Yekkala et al., 2007) .
Since 1982 dental radiography has been employed in methods of age estimation, Initial attempts were based on direct and indirect measurements of secondary dentin deposits at the pulp (Kvaal et al. 1995) , refined this technique by measuring directly the pulp size and root size from radiographs of several teeth in the same dentition, and calculate the ratios of both. They concluded after multiple regression analysis that measurements on dental radiographs are a noninvasive technique for estimating the age of adults. Vandevoort et al., 2004 conducted a study to correlate the volume ratio of pulp versus tooth with the chronological age of an individual using X-ray microfocus computed tomography unit (µCT). They concluded that this technique showed promising results for dental age estimation in a non-destructive manner. ) developed a custom-made voxel counting software for calculating the ratio between pulp canals versus tooth volume based on cone-beam CT tooth images. The results of the analysis showed a moderate correlation between the pulp/tooth volume ratio and biological age; however most of these works were limited to a pilot study or applied to certain tooth (Star et al., 2010) .
The aim of the current study was to correlate dental age with an individual's chronological age based on the calculated pulp, tooth and root measurements on cone beam computed tomography images.
Subjects and methods
Forty eight cone beam computerized tomography images were examined for cases already coming for doing orodental examination included 24 males and 24 females with a chronological age ranged between 14-45 years. They were selected from Oral Radiology department, Faculty of Dentistry, Minia University.
The birth date of all subjects was checked with their identity card and written consent was taken during the dental record setup. They were free from caries or advanced periodontal diseases. Also, the CBCT image quality (allowed for each subject) the separation and segmentation of at least one intact and fully developed single rooted tooth (right upper central incisor (tooth number 1) , right upper lateral incisor (tooth number 2) , right upper canine (tooth number 3) and right upper 1 st premolar( tooth number 4).
CBCT examination was performed with Scanora machine (Scanora® 3D with Auto Switch TM, Soredex, Helsinki, Finland), with 85 kVp, 15 mA.
The following measurements were performed using distances and areas measurement tools of the software (Cyber med Inc., Korea). On Demand 3 D application software, was used to manipulate images of the CBCT in multiplaner slices with three dimensional views to examine the slices at different plans of the tooth. The program automatically calculated the required measurements. 
Teeth Measurements
For each tooth several measurements of the pulp and canal system was a carried out in different plans. These measurements included the followings:
1. Pulp length: measured from the highest point of the pulp horn to the apical foramen, in sagittal and coronal plans. 2. The pulp width was measured at the maximum width of the pulp chamber (pulp width 1), while at the pulp canal it was estimated by three measurements at different levels including cervical, middle and apical one third of the root) (pulp width 2, pulp width 3, pulp width 4 respectively). It was measured in bucco-lingual (BL), mesio-distal (MD), and axial (A) dimensions. 3. The pulp areas were drawn and calculated at the different planes; mesio-distal, buccolingua land axial planes. 4. The tooth length and the maximum width at different levels, maximum width at the crown, maximum width at the cervical area, middle root and apex of the root was done.
Statistical analysis
The data were collected and statically analyzed using SPSS for windows (version 17.0). ). Values were expressed as mean ± standard deviation (SD). The significance of differences was calculated by using Pearson correlation test and predictive analysis of collected measurements. P<0.05 was considered significant.
Results
The present study was carried out on 48 cases, their chronological age ranged between 14-45 years. Right upper single rooted teeth were examined in each case. Therefore a total samples consisted of (192 tooth) including upper central incisor, upper lateral incisor, upper canine, and upper first premolar. Table ( 1) shows Descriptive statistical analysis of the different teeth measurements; it shows mean ± standard deviation with minimum and maximum range of each measurement used in each tooth. Table ( 2) shows Pearson correlations coefficient between age and different measurements of each tooth at different views. As shown in (figures 2, 3) the measurements of right upper central incisor (Bucco -lingual view) showed strong negative correlation between age and pulp width at both crown and mid root levels. Also, negative correlation was observed with pulp length (figure 4). The correlation coefficients were -0.827, -0.964, and -0.650 respectively.
Moreover, at Mesio-distal view there was strong negative correlation with pulp width at the apex level (r = -0.716, p value 0.001) (figure 5) and mild negative correlation with pulp length (r = -0.686, p value 0.01) but mild positive correlation with tooth area (r = 0.693, p value 0.01) (figure 6). In contrast by the axial view; the pulp measurement at Bucco-lingual dimension was the only correlated value with age (r = -0.729, p value 0.001) (figure 7).
There was no significant correlation of age with any measurement of the upper lateral incisor (tooth number 2). The right upper canine at Buccolingual view measurements showed strong negative correlation of age with pulp length and tooth length (r = -0.733, -0.903; p value 0.001, 0.0001) (figures 8 and 9) respectively. But when compared with upper central incisor it showed mild correlation with age.
By Mesio-distal view the pulp width measurements at middle level of the root was the only measurement that showed mild negative correlation with age (r = -0.613, p value 0.01) (figure 10). In addition the axial view showed no significant correlation with any measurements.
As the upper first premolar at Bucco-lingual view showed mild negative correlation of age with pulp width at mid level of the pulp and pulp area (r = -0.0650, -0.626; p value 0.01, 0.01) (figures 11 and 12). It showed strong negative correlation with pulp length and tooth length (r = -0.737, -0.840; p = 0.001 and 0.001) (figures 13 and 14).
On the other hand the Mesio-distal view of measurement showed significant positive correlation of age with pulp width at mid-level of the pulp (r = 0.937, p value 0.001), and mild negative correlation of age with width of tooth at middle and cervical portion (r = -0.778, p value 0.01 in both).
Prediction analysis of the collected data were done as shown in table (3) where variable models were used to detect the most accurate method to identify age . This table showed that The most accurate model for determination of age in upper first premolar was measurement of pulp length + pulp width at the crown+ pulp width at mid level of the pulp (R was 97%) (R = is the ability of this model to correspond identified age with known chronological age). But the ability to detect age by measurement of pulp width at mid level of the pulp by Mesio-distal view was (R 94%). Axial view was insignificant for identification of any tooth age.
Measurement of pulp width at mid level of the pulp at Bucco-lingual view of upper central incisor was follow the upper premolar tooth in accuracy of age detection with (R 96%) and followed by the measurement of tooth area + width cervical part of the tooth with accuracy (82%).
There were no models can be detected to identify age by use upper lateral incisor as this tooth was varied in different persons, so cannot depend on it in identification of unknown ages .
On the other hand measurement of tooth length for upper canine at Bucco-lingual view was the more accurate method for this tooth (R 90%) followed by measurement of pulp width at mid level of the pulp + pulp width of crown at Mesio-distal view (R 80 %).
So if a choice of tooth type is conceivable for age detection, 1 st upper premolar, upper central incisor followed by upper canine should be selected respectively. 959 
Discussion
Quantification of the teeth morphological changes nearly always requires extraction and sectioning of teeth, which is unethical and impossible in living individuals. Therefore techniques that have been developed for age estimation in living individuals mostly rely on radiological imaging of teeth (Bosmans et al., 2005) .
In previous studies of dental age estimation from two dimensional dental radiographs, the ratio between the pulpal size and root size and the ratio between the pulpal size and tooth size have successfully been used (Kvaal, 1995) . As the size of the pulp is reduced with age, the correlation coefficient between age and the ratio is negative . Based on these earlier studies the ratio between pulpal volume and tooth volume has been chosen as a possible age indicator in the present study, whereas the use of Cone beam computed tomography(CBCT) provides plenty of 3D volume information of the teeth on living individuals in the target area by a single scan (Fan et al., 2006) .
CBCT was first introduced in the early 1980s. It has a high resolution images, a favorable cost/benefit ratio, and a small radiation dose. Therefore, it had a great evolution in terms of both distribution and applications, being nowadays widely available (Faccioli et al., 2010) .
Cone-beam CT in dental use provides plenty of 3D volume information of the teeth on living individuals in the target area by a single scan (Macleod and Heath, 2008) . The measurement of the volumes of pulp and canal at different views and levels of tooth can be operated non-destructively and accurately for age estimation.
Several studies utilize CBCT to correlate pulp/tooth volume with chronological age of persons (Fan et al., 2006) since attrition, caries and periodontal recession may influence tooth volume measurements. The present study was done on the use of pulp/root volume ratio's which might give a better results and could facilitate the collection of samples. Earlier studies by (Someda et al., 2009 ) and (Star et al., 2010) utilized one tooth, either upper or lower central incisor for their analysis. In the present study, upper central incisor, lateral incisors, upper canines and upper first premolars were studied in each subject resulting in a database containing volume information of 96 central incisors, 96 lateral incisors, 96 canines, and 96 first premolars to reveal statistical evidence of relation between the pulp/canal volume ratio and age estimation that may differ between the types of teeth.
This because apposition of secondary dentine is not homogenously spread over all the walls of the pulp cavity and even differs in relation to the examined tooth type (Macleod and Heath 2004) . The results of the present study confirmed this hypothesis and revealed that upper first premolar followed by upper central incisor then upper canine were the most accurate tooth for age estimation.
The upper first premolar sowed the highest correlation with age at different measurements. This could be explained by a reported finding; that this tooth was the least variable one in its mesiodistal dimension (Farag et al., 2012) .
Also, measurement of pulp width at coronal or mid root for upper central incisor either at buccolingual or mesiodistal dimension was found to correlate with age. Taking into account that this tooth has the lowest morphological diversity among human teeth and that secondary dentine formation occurs first at the most coronal aspects of the pulp chamber these results would be acceptable (Drusini et al., 1997) .
Prediction analysis of age with different teeth measurements revealed that the most accurate model for determination of age in upper first premolar was measurement of pulp length or pulp width at the coronal /mid root level (R was 97%). For upper central incisor, measurement of pulp width at mid root level (Bucco-lingual view) results in more accurate prediction for age (R 96%). While, age estimation for canine measurement was more accurate with measurement of tooth length at Bucco-lingual view (R was 90%).
The weakest Pearson correlation was detected for the upper lateral incisor, a tooth with the greatest variability in size (Farag et al., 2012) . Also, axial view was insignificant for prediction of age with any tooth. Therefore, neither upper lateral incisor tooth nor axial views are recommended for age estimation.
So the study concluded that using CBCT is useful in detection of age by obtaining linear teeth measurements. In addition, the use of the upper first premolar tooth measurements followed by upper central incisor followed by upper canine are useful in estimating the chronologic age of any person .
Further investigation using CBCT measurement of the multi-rooted teeth is recommended.
